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A non-topological Lorentz gauge model of gravity with torsion based on Gauss-Bonnet type
Lagrangian is considered. The Lagrangian differs from the Lovelock term in four-dimensional space-
time and has a number of interesting features. We demonstrate that the model admits a propagating
torsion unlike the case of the topological Lovelock gravity. Due to additional symmetries of the
proposed Gauss-Bonnet type Lagrangian the torsion has a reduced set of dynamical degrees of
freedom corresponding to the spin two field, U(1) gauge vector field and spin zero field. A remarkable
feature is that the kinetic part of the Hamiltonian containing the spin two field is positively defined.
We perform one-loop quantization of the model for a special case of constant Riemann curvature
space-time background treating the torsion as a quantum field variable. We discuss a possible
mechanism of emergent Einstein gravity as an effective theory which can be induced due to quantum
dynamics of torsion.
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Keywords: Gauss-Bonnet gravity, torsion, effective theory
I. INTRODUCTION
Recently a modified Gauss-Bonnet gravity is a subject
of intensive studies in constructing alternative cosmolog-
ical models [1, 2]. The Gauss-Bonnet term appears also
in low-energy effective action of superstring [3] which is a
candidate for a consistent theory of quantum gravity uni-
fied with other fundamental interactions. On the other
hand, the gauge approach to gravity based on gauging
Lorentz and Poincare groups [4, 5, 6, 7, 8] can also lead
to a consistent quantum theory of gravity in the frame-
work of field theory formalism [9, 10, 11]. The exten-
sion of gravity models to the case of non-Riemannian
space-time geometry reveals new possibilities towards
construction of renormalizable quantum gravity with tor-
sion [12, 13, 14, 15]. A Lorentz gauge model of gravity
with Yang-Mills type Lagrangian including torsion has
been developed further in [16] where it has been proposed
that the Einstein gravity with a cosmological term can be
induced as an effective theory due to quantum corrections
of torsion. In that model the space-time metric is treated
as a fixed classical field while the contortion (torsion) sup-
posed to be a quantum field. Such a treatment of the met-
ric is not satisfactory from the conceptual point of view
since one has to assume the existence of the fixed classical
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space-time with a metric given a priori. In other words,
we encounter the problem of space-time background de-
pendence which is similar to the space-time dependence
problem in superstrings. One possible way to resolve this
problem is to generalize the Lorentz gauge model by ex-
tending the gauge group to Poincare one. In that case
the gauge potential of Poincare group, the vielbein, be-
comes dynamical on equal footing with torsion. Another
interesting possibility is to consider such a gravity model
which assumes the existence of a pure topological phase
with unfixed, arbitrary metric from the start.
In the present paper we consider a non-topological
Gauss-Bonnet type gravity model with torsion and study
its classical and quantum properties. We demonstrate
that the model admits a propagating torsion, and this
is strictly different from the Gauss-Bonnet gravity model
in Lovelock form [17, 18]. The non-topological Gauss-
Bonnet gravity represents an alternative theory to Yang-
Mills type gauge model of gravity and it can provide
the mechanism of emergent Einstein gravity via quan-
tum dynamics of torsion as it was proposed recently in
[16]. The main advantage of the present model is that
in the absence of torsion the theory describes a pure
topological phase of gravity with an arbitrary space-time
metric which does not satisfy any equation of motion.
The metric becomes dynamical only after inducing the
Einstein-Hilbert term in the quantum effective action. It
is remarkable that the torsion in our model possesses a re-
duced set of physical field components including a unique
spin two field. So that the torsion can be interpreted as a
2gravitational quantum counter-part to the metric treated
as a classical field variable of the effective Einstein grav-
ity. Besides, the spin two field component of torsion leads
to a positively-definite kinetic term in the Hamiltonian,
unlike the case of R2 Lorentz gauge gravity models which
have the well-known non-unitarity problem .
In section II, we describe the non-topological model of
Gauss-Bonnet type gravity in the framework of Riemann-
Cartan geometry. In section III, we study the canonical
structure of the model in a special case of flat space-time
metric and non-vanishing torsion which plays a role of
the gauge potential in Lorentz gauge field theory. The
quantization of the model in a constant curvature space-
time background with quantum torsion field is considered
in section IV. In the last section we discuss the possibility
of generating the Einstein-Hilbert term and cosmological
constant as a result of torsion radiative corrections.
II. THE MODEL
Let us start with the main outlines of Riemann-Cartan
geometry. The basic geometric objects in approaches to
formulation of gravity as a gauge theory of the Poincare
group [4, 5, 8] are the vielbein ema and the general Lorentz
affine connection A cdm . The infinitesimal Lorentz trans-
formation of the vielbein ema is given by
δema = [Λ, e
m
a ] = Λ
b
a e
m
b , (1)
where Λ ≡ ΛcdΩ
cd is a Lie algebra valued gauge pa-
rameter, and Ωcd is a generator of Lorentz Lie algebra.
We assume that the vielbein is invertible and the signa-
ture of the flat metric ηab in the tangent space-time is
Minkowskian, ηab = diag(+−−−).
The covariant derivative with respect to Lorentz group
transformation is defined in a standard manner
Da = e
m
a (∂m + gAm), (2)
where Am ≡ AmcdΩ
cd is a general affine connection tak-
ing values in the Lorentz Lie algebra, and g is a new
gravitational gauge coupling constant. For brevity of no-
tation we will use a redefined connection which absorbs
the coupling constant. The original Lorentz gauge trans-
formation of the connection Am has the form
δAm = −∂mΛ− [Am,Λ]. (3)
The affine connection Amcd can be rewritten as a
sum of Levi-Civita spin connection ϕ dmc(e) and contor-
tion K dmc
A dmc = ϕ
d
mc +K
d
mc , (4)
ϕ bµa (e) =
1
2
(eνb∂µeνa − e
ν
ae
c
µ∂
beνc + ∂ae
b
µ
−eνa∂µe
b
ν + e
νbecµ∂aeνc − ∂
beµa). (5)
The torsion and curvature tensors are defined in a
standard way
[Da, Db] = T
c
abDc +Rab,
T cab = K
c
ab −K
c
ba, (6)
here, Rab ≡ RabcdΩ
cd. Under the decomposition (4) the
Riemann-Cartan curvature is splitted into two parts
Rabcd = Rˆabcd + R˜abcd, (7)
Rˆabcd = Dˆaϕ
d
bc + ϕ
e
ac ϕ
d
be − (a↔ b),
R˜abcd = DˆaK
d
bc +K
e
ac K
d
be − (a↔ b),
where the underlined indices stand for indices over which
the covariantization has been performed.
With these preliminaries let us write down the well-
known Lagrangian of Gauss-Bonnet gravity of Lovelock
type in four-dimensional space-time [17, 18]
LLovelock = β0ǫabcdR
ab ∧Rcd, (8)
where β0 is a dimensionless constant and Rab is the
Riemann-Cartan curvature two-form. Since the La-
grangian is represented by a closed differential form it
does not produce equations of motion, so that the torsion
has no propagating modes. We will consider a model of
gravity with torsion based on the following Gauss-Bonnet
type Lagrangian
L = −
1
4
IGB = −
1
4
(RabcdR
abcd − 4RabR
ab +R2). (9)
In a case of Riemannian space-time geometry, when tor-
sion vanishes, the Lovelock term, (8), reduces to the stan-
dard Gauss-Bonnet topological invariant which can be
rewritten in its original form IGB, (9), in terms of Rie-
mann curvature (up to a normalization factor). How-
ever, it is important to stress that in the presence of
torsion the Gauss-Bonnet combination IGB is principally
different from the Lovelock term LLovelock. Namely, one
can check that the Gauss-Bonnet Lagrangian in the form
(9) does not correspond to any topological invariant in
Riemann-Cartan geometry since it can not be expressed
as a total divergence. In the subsequent sections we will
demonstrate that the contortion (torsion) in our model
with Lagrangian (9) reveals non-trivial dynamical prop-
erties and a number of interesting features.
3III. GAUSS-BONNET TYPE GAUGE MODEL
IN FLAT SPACE-TIME
The Lorentz gauge model described by Gauss-Bonnet
type Lagrangian (9) contains two sets of variables, the
vielbein and the torsion. As we will see in the next sec-
tion, the one-loop effective action with a constant cur-
vature space-time background and quantum torsion pos-
sesses additional local symmetries which reduce the dy-
namical content of torsion. However, beyond one-loop
approximation and with no assumption of constant cur-
vature space-time the local symmetries may not survive.
So that it is not obvious whether the number of dynam-
ical torsion degrees of freedom remains the same in gen-
eral. To understand the origin of the dynamical content of
torsion we consider first the classical structure of Gauss-
Bonnet gravity in the simplest case when the space-time
metric is flat. In this limit the model represents a pure
Lorentz gauge field theory with the quadratic Lagrangian
L, (9), and contortion Kbcd as a gauge potential. The
Riemann-Cartan curvature represents the Lorentz gauge
field strength which can be written in a standard form
(we keep for the Lorentz gauge field strength the same
notation as for the Riemann-Cartan curvature)
Rabcd = ∂aKbcd − ∂bKacd +K
e
ac Kbed −K
e
bc Kaed. (10)
Let us consider the canonical structure of the Lorentz
gauge theory along the lines of canonical formalism of
theories with constraints [19]. The canonical momenta
corresponding to the gauge potential Kmcd are defined as
follows
πmcd =
∂L
∂K˙mcd
= −R0mcd + (δ0cRmd + δmdR0c
+
γ
2
Rδ0dδmc − (c↔ d)), (11)
where K˙mcd = ∂0Kmcd. One can check that the canonical
momenta π0cd vanish identically and represent first-stage
constraints
π0cd = 0. (12)
There are other momenta, πµ0δ (we use Greek letters for
space indices), which do not contain terms with time
derivatives of Kmcd and, due to this, they produce ad-
ditional primary constraints [19]
πµ0δ = −R0µ0δ +Rµδ + δµδR00 −
1
2
δµδR. (13)
In Lagrange formalism it follows that the Lagrange equa-
tions of motion for the field Kµ0δ are not dynamical but
represent first order differential equations. These equa-
tions are solvable constraints in the theory which can be
solved for Kµ0δ at least in principle. So that the compo-
nents Kµ0δ do not represent dynamical degrees of free-
dom, and they can be excluded from the physical field
spectrum.
The remaining canonical momenta πµγδ have the fol-
lowing form
πµγδ = −R0µγδ + δµδR0γ − δµγR0δ,
π
µ
µδ ≡ πδ = −R0δ. (14)
These equations can be resolved to find the ”velocities”
K˙µγδ
K˙µγδ = −πµγδ + δµγπδ − δµδπγ
+∂µK0γδ −K
c
0γ Kµcδ +K
c
0δ Kµcγ ,
K˙
µ
µδ = πδ + ∂
νK0νδ +K
cK0cδ −K0ceK
ce
δ, (15)
where Kc = K bcb . One can insert the ”velocities” K˙µγδ
into the initial Lagrangian
L = −
1
2
π2µγδ + π
2
δ + 2K˙
µ0δ(−R0µ0δ +Rµδ
+ δµδR00 −
1
2
δµδR) + Lˇ(K),
Lˇ(K) = −
1
4
R2µβcd − Rˇ
2
0β0δ + Rˇ
2
βδ + Rˇ
2
β0
+ Rˇ200 −
1
4
Rˇ2, (16)
where Rˇabcd are defined by the expressions for the field
strength Rabcd with omitted time derivative terms. With
this one can define an extended Hamiltonian [19]
H∗ = πmcdK˙
mcd − L. (17)
After inserting the functions K˙µγδ, (15), into the ex-
tended Hamiltonian H∗ one obtains the Hamiltonian
H(1) with the partially resolved ”velocities” K˙µγδ and
first-stage constraints Φ
(1)
1cd,Φ
(1)
2µδ
H(1) =
1
2
~πµγδ~πµγδ − ~π
δ~πδ − πµγδRˇ0µγδ
−Lˇ(K) + λ0cdΦ
(1)
1cd + 2λ
µ0δΦ
(1)
2µδ,
Φ
(1)
1cd = π0cd,
Φ
(1)
2µδ = πµ0δ + Rˇ0µ0δ − Rˇµδ
+
1
2
δµδ(Rˇ− 2Rˇ00), (18)
where λ0cd, λµ0δ are Lagrange multipliers. We can see
that the first kinetic term in the Hamiltonian provides
a positive contribution to the energy. There is no term
4quadratic in momentum πµ0δ which could produce a neg-
ative energy contribution as in the case of Yang-Mills
type R2-gravity. This is a direct consequence of the spe-
cific structure of the Gauss-Bonnet combination. Still one
has a negative contribution coming from the second term
in H(1), so that the total Hamiltonian is not positively-
defined. Notice, the Weyl type Lagrangian
LWeyl = −
1
4
(RabcdR
abcd − 2RabR
ab +
1
3
R2) (19)
leads to a Hamiltonian with a non-vanishing kinetic term
−~π2µ0δ, whereas the kinetic term π
2
d does not appear at
all since the canonical momenta πd vanish identically.
One can verify that the first-stage constraints com-
mute to each other
{Φ
(1)
1cd,Φ
(1)
2µδ} = 0. (20)
By direct calculating the Poisson brackets between the
Hamiltonian H(1) and the first stage constraints Φ
(1)
1cd one
can find the second-stage constraints
{H(1),Φ
(1)
1γδ} = Φ
(2)
1γδ = D
iπiγδ +K
β
0γ(Φ
(1)
2βδ − πβ0δ),
{H(1),Φ
(1)
10δ} = Φ
(2)
10δ = πµγδK
µγ
0 + ∂
β(Φ
(1)
2βδ − πβ0δ)
− Kβγδ(Φ
(1)
2βγ − πβ0γ), (21)
where the covariantization is assumed on underlined in-
dices. One can calculate the following Poisson bracket
{Φ
(2)
1cd,Φ
(1)
1ab} = 0. (22)
This implies that the Lagrange multiplier λ0cd can
not be found as a solution of a new constraint. This
is consistent with the fact of presence of the original
Lorentz gauge symmetry due to which one can impose
the Coulomb gauge condition K0cd = 0.
The explicit expression for the second-stage constraint
Φ
(2)
2µδ turns out to be quite complicate. Because of this
it is hard to find an explicit solution for the second La-
grange multiplier λµ0δ as a solution of higher stage con-
straints. This obstacle reflects the high non-linearity of
the Lagrange equation for Kµ0δ. Notice that, since Kµ0δ
satisfies first order differential equation, it can not be set
to zero. That means there is no additional local sym-
metries in the full Lagrangian except for the original one
given by (3). To analyze the number of local dynamical
degrees of freedom in the theory it is enough to consider
a free part of the Lagrangian (9)
Lfree = −
1
2
(∂aKbcd)
2 +
1
2
(∂bKbcd)
2 + (∂aKbad)
2
− 2∂aKbad∂
bKd + (∂bKd)
2 − (∂bKb)
2. (23)
One can verify that there are indeed only nine physical
degrees of freedom corresponding to the field Kµγδ. To
see that, notice that the free Lagrangian has additional
two types of gauge symmetries under the following trans-
formations
δKmcd = ∂cτdm − ∂dτcm, (24)
δKmcd = ∂cσdm − ∂dσcm, (25)
where τcd, σcd are constrained gauge parameters satisfy-
ing the conditions
σcd = σdc, ∂
cσcd = 0,
τcd = −τdc, ∂
cτcd = 0. (26)
The constrained gauge parameter σcd has six indepen-
dent degrees of freedom whereas the parameter τcd has
only three independent degrees of freedom. To count the
independent degrees of τcd it is convenient to replace τcd
with its dual counter-part
τcd = −
1
2
ǫcdabτ
∗ab. (27)
This replacement allows to express the dual gauge pa-
rameter τ∗cd in terms of a new vector ψa
τ∗ab = Dˆaψb − Dˆbψa. (28)
The definition of ψa implies a secondary gauge invariance
δχψa = Dˆaχ (29)
which decreases the number of independent degrees of
freedom up to three. So that, the total number of inde-
pendent pure gauge degrees of freedom for the symmetries
(24, 25) is nine. After subtracting six Lorentz gauge de-
grees we obtain finally nine physical degrees of freedom
for Kbcd in agreement with the results obtained in the
canonical formalism.
In the next section we will consider the quantization
of the Gauss-Bonnet gravity model in the presence of
non-flat background metric corresponding to a constant
curvature space-time. We will show that the number of
additional local gauge symmetries will be decreased, how-
ever, the number of physical dynamical degrees of free-
dom remains the same.
IV. QUANTIZATION IN A CONSTANT
CURVATURE SPACE-TIME BACKGROUND
One-loop effective action with a constant curvature
space-time background and quantum torsion has been
5calculated recently in the model with Yang-Mills type
Lagrangian quadratic in Riemann-Cartan curvature [16].
In this section we consider perturbative quantization of
the model with Gauss-Bonnet type Lagrangian, (9). The
quantization procedure is similar to the covariant back-
ground quantization in supergravity [20]. We apply the
quantization scheme based on functional integral. In
background field formalism one starts with splitting the
general gauge connection Amcd into background (classi-
cal) and quantum parts
Amcd = A
(cl)
mcd +A
(q)
mcd. (30)
In this section we identify the classical field A
(cl)
mcd with
the Levi-Civita connection ϕmcd(e) corresponding to the
Riemannian space-time geometry and the quantum part
A
(q)
mcd with contortion Kmcd which represents quantum
dynamical degrees of freedom.
Let us define two types of Lorentz gauge transforma-
tions consistent with the original gauge transformation
(3) and splitting (30):
(I) the classical, or background, gauge transformation
δema = Λ
b
a e
m
b ,
δϕm(e) = −∂mΛ− [ϕm,Λ],
δKm = −[Km,Λ], (31)
(II) the quantum gauge transformation
δema = δϕm(e) = 0,
δKm = −DˆmΛ− [Km,Λ], (32)
where ϕm ≡ ϕmcdΩ
cd, and the restricted covariant
derivative Dˆm is defined by means of the Levi-Civita con-
nection only
DˆmΛ = ∂mΛ+ [ϕm,Λ]. (33)
Notice that the restricted derivative Dˆm is covariant un-
der the classical Lorentz gauge transformation.
In one-loop approximation it is sufficient to keep
only quadratic contortion terms in the Lagrangian. Af-
ter integration by part and neglecting surface terms the
quadratic Lagrangian can be reduced to the form
L(2) = −
1
4
[IGB(Rˆ) + 2DˆaKbcd(Dˆ
aKbcd − DˆbKacd)
−4(DˆaKbad)
2 + 8DˆaKbadDˆ
bKd − 4(DˆbKd)
2
+4(DˆbK
b)2 + 4RˆabcdK
aceKb de − 8Rˆ
bd(KeKbed
−KbceK
ce
d)− 2Rˆ(K
2
d +K
bceKceb)], (34)
where IGB(Rˆ) is the topological Gauss-Bonnet density
(up to an appropriate normalization factor).
To simplify the analysis of local dynamical degrees
of freedom in the theory with curved space-time back-
ground (within the framework of perturbative quantiza-
tion) we will use adiabatic approximation. So that the
Riemann curvature is supposed to be covariant constant,
i.e., DˆaRˆbcde = 0.
An interesting feature of the quadratic Lagrangian
(34) is the presence of additional local U(1) symmetry
δU(1)Kbcd =
1
3
(ηbcDˆdλ− ηbdDˆcλ),
δU(1)Kd = Dˆdλ. (35)
This U(1) symmetry corresponds to the symmetry (25)
in the flat space-time with the gauge parameter λ ≡ σ cc .
Notice, that a free part of the Yang-Mills type Lagrangian
LYM = −
1
4
R2abcd (36)
does not possess such a local U(1) symmetry.
It is convenient to decompose the contortion into ir-
reducible parts
Kbcd = Qbcd +
1
3
(ηbcKd − ηbdKc) +
1
6
ǫbcdeS
e,
Qccd = 0,
ǫabcdQbcd = 0. (37)
For simplicity we choose the covariant constant back-
ground space-time as a Riemannian space-time of con-
stant curvature
Rˆabcd =
1
12
Rˆ(ηacηbd − ηadηbc). (38)
With this the Lagrangian (34) can be rewritten in the
form
L(2) = −
1
4
IGB(Rˆ)−
1
2
(DˆaQbcd)
2 +
1
2
DˆaQbcdDˆbQacd
+(DˆaQbad)
2 −
2
3
DˆaQbadDˆ
bKd +
1
12
RˆQbceQceb
+
1
9
(DˆbKd − DˆdKb)
2 +
1
12
(DˆaS
a)2 −
1
36
RˆS2. (39)
An unexpected feature of the quadratic Lagrangian
L(2), (39), is that it admits another local symmetry cor-
responding to the symmetry (25) in flat space-time limit.
The symmetry is provided by the following transforma-
tions with a new constrained parameter χbc
δχQbcd = Dˆcχdb − Dˆdχcb,
δχKd = 0,
δχS
a = 0,
χbc = χcb, χ
c
c = 0, Dˆcχcd = 0. (40)
6The field Qbcd has sixteen field components in general.
After subtracting six pure gauge degrees of freedom due
to Lorentz gauge symmetry and five degrees due to χ-
symmetry one has exactly five physical degrees of free-
dom for the spin two field. The fact that we have only
one physical spin two field is unexpected, and it does not
occur in the gauge gravity model with Yang-Mills type
Lagrangian LYM , (36), where the contortion Qbcd con-
tains a pair of two spin fields, one of which produces a
negative contribution to the Hamiltonian.
Notice, that the last term in the Lagrangian (39) pre-
vents appearance of the local symmetry (24). This is
not surprising, because the symmetries available in the
case of flat space-time may not survive in curved space-
time theory. Nevertheless, one can easily verify from the
equations of motion for the vector field Sa that only the
temporal component S0 is dynamical. The equations of
motion for the space field components Sµ represent the
first-order differential equations in respect to time deriva-
tive, so that they are constraints in the theory which can
be solved. This implies that the field Sa contains only
one dynamical degree of freedom corresponding to spin
zero field.
The fact that the field Sa has only scalar dynami-
cal degree of freedom completes the analogy between the
metric tensor which has spin 2 and spin 0 irreducible com-
ponents and the torsion fields Qbcd, Sa which have exactly
six dynamical degrees of freedom corresponding to fields
of spin two and zero. This can serve as an additional
argument to our conjecture that the torsion represents a
dynamic degree of freedom of quantum gravity [16] and
the classical metric tensor inherits its properties after the
Einstein gravity emerges as an effective theory via quan-
tum dynamics of torsion. We will discuss on this in more
details in the last section. Notice, we have totally nine
physical degrees of freedom for the fields Qbcd,Kd, S
a in
agreement with the analysis presented in the previous
section.
Having all local symmetries of the quadratic La-
grangian one can perform the formal quantization using
the standard methods of quantum field theory. First we
fix the gauge under the quantum type (II) gauge trans-
formations, (32), which can be written for the torsion
irreducible fields Qbcd,Ka, Sa
δQbcd = δKbcd −
1
3
(ηbcδKd − ηbdδKc)−
1
6
ǫbcdeδS
e,
δKd = −Dˆ
cΛcd,
δSa = −ǫabcdDˆbΛcd, (41)
where we keep only linear terms, that is enough in one-
loop approximation. The simplest gauge fixing function
we have chosen is the following
F1cd = Dˆ
bQbcd. (42)
One has a simple transformation rule for the gauge func-
tion
δF1cd = −
2
3
(DˆDˆ +
Rˆ
6
)Λcd. (43)
With this one can write down the corresponding gauge
fixing term and Faddeev-Popov ghost Lagrangian
L
(1)
gf = −
1
2ξ1
(DˆbQbcd)
2,
L
(1)
FP = c¯
cd
1 (DˆDˆ +
Rˆ
6
)c1cd, (44)
where c¯, c are ghost fields. For simplicity we choose the
gauge parameter ξ1 = 1. Notice, that the gauge function
F1cd is invariant under U(1) and χ-transformations, (35,
40). To fix the gauge for the local U(1) symmetry one
has to introduce a second gauge fixing function which can
be chosen as
F2 = Dˆ
bKb. (45)
The corresponding gauge fixing term and Faddeev-Popov
Lagrangian have the following form
L
(2)
gf = −
1
ξ2
(DˆbKb)
2,
L
(2)
FP = c¯2DˆDˆc2. (46)
We choose a Feynman gauge (ξ2 = 1) for simplicity.
Finally, to fix the gauge for χ-transformations one can
choose the following gauge fixing function
F3bd =
1
2
(DˆaQbad + Dˆ
aQdab),
ηbdF3bd = 0,
DˆbF3bd =
1
2
DˆaDˆbQbad ≃ 0, (47)
where the last equality takes place on the hypersur-
face DˆbQbcd = 0 in the configuration space of functions
{Qbcd}. One can easily find the corresponding gauge fix-
ing and ghost terms
L
(3)
gf = −
1
2ξ3
F 23bd,
L
(3)
FP = ψ¯
cd(DˆDˆ −
Rˆ
3
)ψcd. (48)
We set ξ3 =
1
2
which corresponds to symmetric gauge.
The final expression for a total one-loop effective La-
grangian is given by the sum of all gauge fixing and ghost
terms
7L
(2)
eff = −
1
4
IGB(Rˆ)−
1
2
(DˆaQbcd)
2 +
1
2
(DˆaQbad)
2 −
1
2
DˆaQbadDˆcQ
dcb −
2
3
DˆaQbadDˆ
bKd
−
1
8
RˆQ2bcd +
Rˆ
6
QbcdQcdb +
2
9
(DˆaKb)
2 +
1
18
RˆK2d −
1
36
Sa(3DˆaDˆb + ηabRˆ)S
b +
∑
i=1,2,3
L
(i)
FP . (49)
The expression for the effective Lagrangian is ready for
calculation of the one-loop effective action. The contribu-
tions of ghosts are given by scalar functional determinants
which can be easily calculated in analytic form as in [16].
Calculation of the contribution produced by contortion
is much more complicate due to the tensorial structure
of the corresponding propagator. At least it can be esti-
mated by using the high derivative expansion.
The propagator for the fields Qbcd,Kd can be found
straightforward. The principal part of such calculation is
to find an inverse operator to operator Gpqrbcd in the kinetic
term
Lkin(Q) =
1
2
QbcdGpqrbcdQpqr . (50)
We prove the existence of the propagator for Qbcd by
explicit calculating the inverse operator in flat space-time
limit. In that limit one has
Gpqrbcd = 1
pqr
bcd+K
pqr
bcd+ B
pqr
bcd,
Kpqrbcd =
1

δ
[q
b δ
p
[c∂d]∂
r],
Bpqrbcd =
1

δ
p
b δ
[r
[c∂d]∂
q], (51)
where,  ≡ ∂2, and we use the following rule for anti-
symmetrization over indices [a, b] ≡
1
2
(ab−ba). The prop-
agator G−1 can be defined as a right or left inverse oper-
ator to G. We will choose a left operator, i.e., G−1G = 1.
The inverse operator reads
G−1 =
1

(1+ 4K− 4B − 6F),
F
pqr
bcd =
1
2
δ
[q
[c∂d]∂
r]∂b∂
p. (52)
The inverse operator to the kinetic operator G
(S)
ab ≡
3DˆaDˆb + ηabRˆ for the field S
a can be found for the non-
flat space-time with a constant Riemann curvature in a
complete form
(G(S))
−1
ab =
1
Rˆ
(
δab − Dˆa
1
DˆDˆ +
Rˆ
3
Dˆb
)
. (53)
The inverse operator does not have additional poles, but
it has a singularity at Rˆ → 0. This is related to the fact
of appearance of the additional local symmetry (24) in
flat space-time limit. Notice, that the curvature Rˆ plays
the role of a mass scale which makes worse the ultra-
violet behavior of the propagator. Because of this the
model looks non-renormalizable within the perturbative
quantization scheme. One should notice that the scale
Rˆ appears to be a natural cut-off parameter related to
the finite size of the Universe. So that, the standard
perturbative technique of Feynman diagrams with un-
limited internal momentum inside loops needs some im-
provement at least. Still it is possible that the model
can be renormalizable non-perturbatively, since the orig-
inal Lagrangian reveals high symmetry, and, there is no
dimensional coupling constants in the theory.
V. DISCUSSION
In our previous paper [16] we have proposed a mech-
anism of dynamical generation of Einstein gravity and
cosmological term via quantum corrections of torsion in
the framework of Yang-Mills type Lorentz gauge model.
The main ingredient of such a mechanism is the forma-
tion of torsion vacuum condensate which we assumed to
be covariant constant
< R˜abcd >=
1
2
M2(ηacηbd − ηadηbc), (54)
where M2 is a mass scale parameter characterizing the
torsion condensate. The factor M2 need to be posi-
tive since it corresponds to positive curvature space-time
which can only be created during the vacuum transition
from the trivial vacuum to the non-trivial one. Expand-
ing the original classical Lagrangian L, (9), around the
new vacuum by shifting R˜abcd → R˜abcd+ < R˜abcd >
one obtains the following torsionless part of the Einstein-
Hilbert effective action
LEHeff = −
1
4
IGB(Rˆ)−
1
2
RˆM2 −
3
2
M4. (55)
Notice, that the second and third terms in the effective
action are completely identical to those in the effective ac-
tion obtained from the Yang-Mills type Lagrangian [16].
8One should emphasize that even though the vacuum av-
eraged value < R˜abcd > is specified by (54), the classi-
cal gravitational field Rˆabcd is not constrained in general.
The last term in the equation corresponds to a positive
vacuum energy density which is supposed to be born dur-
ing the vacuum transition. This is consistent with the
positiveness of the scale parameterM2 and with the fact
that the torsion condensate (54) corresponds to the grav-
itomagnetic part of the Rieman-Cartan curvature [16].
Notice that the torsion condensate (54) is supposed
to be covariant constant. Rigorously speaking, such a
constant solution is unstable in general like the constant
chromomagnetic field configuration in quantum chromo-
dynamics which leads to vacuum instability [21]. One
can see that the ghost kinetic operator in (48) is not pos-
itively defined. This implies existence of tachyonic mode
in the theory, so that the constant curvature solution cor-
responds to a false vacuum, and a true microscopic vac-
uum should be realized by some other non-trivial solu-
tion. In this respect the search of possible classical stable
vacuum solutions in Einstein-Gauss-Bonnet gravity with
torsion is of great importance [22].
In conclusion, we have considered a non-topological
Gauss-Bonnet type model of gravity with dynamical tor-
sion. The model has a number of advantages to compare
with Yang-Mills type Lorentz gauge gravity. In the ab-
sence of torsion the model reduces to a pure topological
Gauss-Bonnet gravity, i.e., one has a topological phase
where the metric is not specified a priori. The metric
obtains its dynamical content after dynamical symmetry
breaking in the phase of effective Einstein gravity which
is induced by quantum torsion corrections. Remarkably,
the contortion in our model has only one physical spin
two field which can be interpreted as a torsion quantum
counter-part to the classical graviton. So that we don’t
have to quantize the metric which can be treated as a clas-
sical object of the effective Einstein theory, whereas the
torsion (its spin two field component) could be respon-
sible for the quantum effects of gravitation. Another in-
teresting result is that the Hamiltonian part correspond-
ing to the spin two torsion component is positively de-
fined unlike the case of Yang-Mills type Lorentz gauge
theory. An obvious drawback of the model is still the
presence of the vector mode Kd which produces a nega-
tive contribution to the energy. One possible way to re-
move this difficulty is to extend the model by introducing
supersymmetry which supposed to be unbroken at scale
near the Planckian one. Possible applications of Lorentz
gauge models of gravity with Lagrangians quadratic in
Riemann-Cartan curvature in cosmology of early Uni-
verse will be considered elsewhere.
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